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A cannula (14) comprises a proximal end (20), a distal end (22), and a lumen (24) extending between the proximal and distal ends, 
wherein at least a portion of the cannula body (18) is non-circular in cross section, preferably oval. A cannula wherein a portion of the 
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OVAL-SHAPED CARDIAC CANNULA 



PCT/US98/00361 



Field of the Invention 

5 This invention relates to cannulas and, more particularly, to a 

cannula which is oval-shaped in cross section and therefore ideally suited for use in 
minimally invasive surgical procedures. 
Description of the Related Art 

Cannulas have a wide variety of applications during surgical 

10 procedures. For example, in coronary surgery, venous and arterial cannulas are 

used to conduct blood between the body and bypass equipment. Cannulas are used 
to conduct cardioplegia solution for both antigrade and retrograde solution 
administration, and cannulas are also used as vents, sumps, and for chest tube fluid 
suction. The structure for these known cannulas generally comprises a cannula 

15 body which is circular in cross section and has at least one lumen extending 

therethrough which is similarly circular in cross section. Examples of these 
structures are seen in U.S. Patent Nos. 4,639,252; 4,129,129; and 5,395,330. 

A recent trend in surgical procedures is to minimize the size of the 
access apertures formed in the chest cavity. These procedures include mini- 

20 sternotomy and minimally invasive cardiac surgery. In each of these procedures, 

the goal is to reduce the size of the aperture in the chest wall. One problem in 
achieving this goal is the size, geometry, and space requirements for the 
instruments, cannulas, and the like which must pass through the reduced size 
apertures. 

25 SUMMARY OF THE INVENTION 

The cannula according to the invention overcomes the problems of 
the prior art by providing a cannula having a prescribed geometry which more 



WO 98/30265 PCT/US98/00361 

2 

efficiently occupies the space of the aperture without adversely affecting the fluid 
rate therethrough. 

In a first aspect, the invention comprises a cannula used in 
conducting fluid to or from the body. The cannula has a cannula body with a 
proximal end, a distal end, and a lumen extending between the two ends. A fluid 
outlet is formed on the proximal end and at least one fluid inlet is formed adjacent 
the distal end. The cross section of a first portion of the cannula body is 
noncircular, preferably oval. The non-circular portion has a major cross-sectional 
axis and a minor cross-sectional axis wherein the length of the major axis is greater 
than the length of the minor axis. 

In another embodiment, the cannula body also includes a second non- 
circular portion which is also preferably oval in cross section. Preferably, the 
major axis of the first oval portion is parallel to the minor axis of the second oval 
portion. 

In another embodiment, an obturator is telescopically received in the 
lumen of the cannula and the obturator effectively seals at least a portion of the fluid 
inlet when the obturator is fully received in the cannula lumen. Preferably, the 
obturator includes some form of sealing means which are adapted to pass through 
the non-circular portions of the cannula and also seal the fluid inlets. In one 
embodiment, the sealing means comprises an expandable balloon. In another 
embodiment, the sealing means comprises a pliable foam member. 

The invention is also directed to a method of positioning a fluid 
conducting cannula in a body. The method comprises the steps of providing a 
cannula such as that described above and providing a percutaneous aperture in the 
body. The distal end of the cannula is inserted into the body through the 
percutaneous aperture, and the cannula is positioned so that the oval portion of the 
cannula extends through the percutaneous aperture. In this position, the oval 
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portion of the cannula body utilizes the available cross-sectional area of the access 
aperture more efficiently than a traditional round cannula. 
RRTFF DESCRIPTION OF THE DRAWINGS 

The invention will now be described with reference to the drawings 

in which: 

FIG. 1 is a perspective view of a venous cannula assembly wherein at 
least a portion of the cannula body is oval in cross section; 

FIG. 2 is a cross section taken along the lines 2-2 of FIG. 1 showing 
the oval cross section of the cannula body; 

FIG. 3 is a plan view of a patient showing a cannula according to the 
invention passing through a mini-thoracotomy; 

FIG. 4 is a perspective view of a second embodiment of the cannula 
wherein at least two portions of the cannula body are oval in cross section and the 
oval sections are not aligned with one another; 

FIG. 5 is a cross section taken along lines 5-5 of FIG. 4 showing the 
oval cross sections of the second embodiment of the cannula body; 

FIG. 6 is a plan view of a second embodiment of the obturator for 
the cannula assembly; and 

FIG. 7 is a plan view of a third embodiment of the obturator. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Turning now to the drawings and to FIGS 1 and 2 in particular, a first 
embodiment of the cannula assembly according to invention is shown. The first 
embodiment of the cannula assembly 12 comprises a cannula 14 and an obturator 16 
which is selectively, telescopically received in the cannula 14. The cannula 14 
comprises a cannula body 18 having a proximal end 20, a distal end 22, and a 
lumen 24 extending between the proximal and distal ends. A conventional luer 
connector 26 is preferably provided on the proximal end 20, and the distal end 22 
preferably includes at least one fluid inlet aperture for the receipt of fluid into the 
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lumen. A helically wound reinforcing spring 38 is preferably, integrally formed into 
the cannula body 18. The cannula seen in FIGS. 1 and 2 includes a first set of fluid 
apertures 28 formed immediately adjacent the distal end 22 and a second set of 
apertures 30 formed a spaced distance proximally from the distal end. This 
structure is ideally suited for use as a venous cannula during a cardiac surgical 
procedure. 

One unique feature of the cannula assembly according to the 
invention is that at least a portion of the cannula body 18 is non-circular. This first 
non-circular portion 32 is preferably oval in cross section and is defined by a major 
cross-sectional axis 34 and a minor cross-sectional axis 36. As will be described 
further below, the incorporation of a non-circular portion 32 makes the cannula 
assembly according to the invention ideally suited for use in minimally invasive 
cardiac surgical procedures. 

The obturator 16 comprises a proximal end 48 and a distal end 50. 
The obturator is adapted to be slidably, telescopically received inside the lumen 24 
of the cannula 14. When the obturator is fully received inside the cannula lumen 
24, the obturator substantially seals the second set of fluid apertures 30 so that fluid 
cannot enter the lumen 24 through these apertures. In addition, the obturator 
restricts the flow of blood through the lumen 24 which enters through the first set of 
fluid apertures 28. 

The cannula assembly 12 described above is ideally suited for use as 
a venous cannula during a coronary surgical procedure similar to the cannula 
described in U.S. Patent No. 4,129,129 which is expressly incorporated herein by 
reference. In use, the cannula 14, with the obturator 16 fully received therein, is 
inserted through an appropriate incision into the right atrium and the inferior vena 
cava. As the distal end 22 of the cannula 14 is inserted into the blood flow passing 
through the right atrium and inferior vena cava, blood will enter the first set of fluid 
apertures 28, but the obturator 16 will restrict the flow of blood through the lumen 
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24 and the second set of fluid apertures 30. Once the cannula 14 is properly 
positioned, the obturator 16 is removed from the cannula 14, and the luer connector 
26 of the cannula 14 is connected to a conventional bypass system. With the 
cannula 14 in this position, blood enters the lumen 24 through both the first and 
second fluid apertures 28, 30 and is conducted to the bypass machine. 

Traditional cardiac surgery is typically performed by a median 
sternotomy in which substantially the entire chest cavity is exposed by cutting the 
full length of the sternum and spreading back the sternum and ribs to expose the 
entire pericardium. However, a recent trend in cardiac surgery is to attempt to 
minimize the size of the access apertures formed in the patient's chest using 
techniques such as a right or left anterior thoracotomy, mini-sternotomy, and multi- 
port access apertures. In each of these procedures, the size of the access aperture 
formed in the patient 1 s chest is considerably smaller than the traditional median 
sternotomy, thereby reducing the complications and possible side effects associated 
with such a massive wound. However, reducing the size of the access aperture 
raises a new set of problems not encountered in the conventional median 
sternotomy, namely, sufficient space for the receipt of all the instruments and 
equipment. 

One limiting factor to reducing the size of the access aperture in any 
surgical procedure is the cross-sectional space requirements of the surgical tools 
which must be inserted through the access aperture. The cannula according to the 
invention is an improvement over the known cannulas because it more efficiently 
utilizes the limited space of the access aperture without adversely affecting the fluid 
flow characteristics through the cannula. 

As seen in FIGS. 1-3, at least a portion 32 of the cannula body 18 is 
oval in cross section, and the cannula body 18 is received in an access aperture 52 
formed in the chest wall 54 of the patient 56. In this example, the access aperture 
52 comprises a right anterior thoracotomy. Preferably, the proximal 20 and distal 
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22 ends of the cannula 14 are circular in cross section while the central portion of 
the cannula body 18 is oval in cross section. When the oval portion 32 of the 
cannula is positioned in the access aperture 52, the available cross sectional area of 
the access aperture 52 is used more efficiently. Preferably, the cannula is 
positioned so that the minor cross-sectional axis 36 extends radially inwardly from 
the sidewall of the access aperture 52. With this structure, the cannula 14 extends a 
minimum distance inwardly toward the center of the access aperture 52 thereby 
utilizing the available space more efficiently. If a traditional cannula having a 
round cross section with a flow rate potential comparable to the oval-shaped cannula 
according to the invention were positioned in the access aperture 52, then the 
diameter of the round cannula would extend farther toward the center of the access 
aperture 52 and utilize the valuable cross-sectional area of the opening far more 
inefficiently. 

While the preferred embodiment of the cannula 14 and cannula 25 
assembly 12 described above is a venous cannula, it is to be understood that the 
invention extends to any cannula inserted into the body through an access aperture 
including but not limited to an arterial cannula, a cardioplegia cannula (both 
retrograde and antigrade), a vent, a sump, or a suction tube. Similarly, FIG. 3 
shows use of a cannula in a right anterior thoracotomy. It is to be understood that 
the benefits of the invention can be realized regardless of the particular surgical 
aperture which is created. 

FIGS. 4 and 5 show a second embodiment of the cannula according 
to the invention. In this embodiment, the cannula 64 also includes a second non- 
circular portion 66. Preferably, the second non-circular portion is oval in cross 
section and has a major cross-sectional axis 68 and a minor cross-sectional axis 70 
with the major cross-sectional axes 34, 68, respectively, of the first and second non- 
circular portions 32, 66 not being parallel to one another and preferably 
perpendicular to one another. With this structure, the first non-circular portion 32 
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can be positioned to extend through the access aperture 52 as described above, and 
the second non-circular portion 66 can be positioned either inside the body or 
outside the body in a particular position which requires significant bending or 
deflection of the cannula 64. Preferably, the second non-circular portion 66 is 
aligned so that the minor cross-sectional axis 70 of the second non-circular portion 
66 extends radially outwardly from the arc or radius of curvature. In this 
orientation, the non-circular structure and the orientation of the major and minor 
axes with respect to the radius of curvature resists the tendency of the cannula 64 to 
kink or pinch closed as it is bent through the radius of curvature. 

A second embodiment of the obturator 76 is shown in FIG. 6. When 
the cannula is used as a venous cannula during a coronary surgical operation, it is . 
preferred to include an obturator which substantially seals the second set of fluid 
apertures 30 from the lumen 24 during the initial insertion of the cannula 14 in to 
the blood flow. In the preferred embodiment of the cannula 14, the minor cross- 
sectional axis 36 of the non-circular portion 32 is less than the interior diameter of 
the distal end 22 of the cannula 14. Therefore, in order for the obturator to be 
telescopically inserted and removed from the lumen, whatever means are 
incorporated onto the obturator must be pliable or radially expandable to 
accommodate these diametrical constraints. In this embodiment, an expandable 
member such as a conventional, silicone balloon 78 is provided on the distal end 50 
of the obturator 76. The obturator 76 comprises a proximal end 80 and a distal end 
82. The balloon 78 is fluidly connected to an inflation lumen 84 which extends 
from the balloon 78, to the proximal end of the obturator. Preferably, a luer 
connector 86 is mounted to the terminal end of the inflation lumen 84. 

The balloon is adapted for inflation from a retracted state as seen in 
FIG. 6 to an expanded state which extends radially outwardly from the obturator 76 
a sufficient distance to substantially seal the second set of fluid apertures 30. In 
use, the obturator 76 is inserted into the lumen 24 with the balloon 78 in the 
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retracted state. Once the distal end 82 of the obturator 76 is received in the lumen 
24 so that the balloon 78 is positioned immediately adjacent the second set of fluid 
apertures 30, the balloon 78 is inflated through the flow of pressurized fluid through 
the inflation lumen 84 and connector 86. The balloon 78 is inflated a sufficient 
amount to substantially seal the fluid apertures 30. Once the cannula assembly 12 is 
properly positioned in the blood flow, the balloon 78 is deflated by removing the 
pressurized fluid from the balloon 78 through the inflation lumen 84 and connector 
86. Once the balloon 78 is sufficiently deflated, then the obturator 76 is removed 
from the cannula lumen 24, and the lumen is fluidly connected to the bypass 
system. 

A third embodiment of the obturator 90 is shown in FIG. 7. Similar 
to the earlier embodiments, this embodiment of the obturator 90 comprises a 
proximal end 92 and a distal end 94. However, in this embodiment, an expandable 
foam member 96 is mounted on the distal end 94 of the obturator 90. In the relaxed 
state, the diameter of the foam member 96 is slightly larger than the interior 
diameter of the cannula 14 at the second set of fluid apertures 30. Therefore, when 
the foam member 96 is positioned immediately adjacent the apertures 30, the foam 
member will substantially seal the apertures 30 from the lumen 24. 

In the third embodiment, the foam member 96 is formed from a soft, 
pliable foam which can easily be compressed by the opposed sidewalls of the 
cannula in the non-circular portion as the obturator 90 passes therethrough. Once 
the obturator 90 is fully received in the lumen 24, the foam member 96 expands 
outwardly a sufficient distance to substantially seal the fluid apertures 30. Similar 
to the earlier embodiments, once the cannula assembly 12 is properly positioned, 
then the obturator is telescopically removed from the lumen. As the obturator is 
being pulled through the non-circular portions, the opposed sidewalls of the lumen 
will compress the foam member a sufficient distance to permit passage of the foam 
member therethrough. The foam member 96 of the third embodiment of the 
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obturator 90 and the expandable balloon 78 of the second embodiment of the 
obturator 76 are only two examples of expandable means provided on the obturator 
to permit passage of the distal end of the obturator through the confines of the 
lumen and still capable of sealing the fluid apertures provided on the distal end of 
the catheter. It is understood that any other means which accommodate the varying 
diameters fall within the scope of the invention. 

The preferred method for forming the cannula 14 according to the 
invention comprises the steps of extruding a circular length of tubing. Preferably, 
tubing is formed from silicone or polyvinylchloride. Depending upon the particular 
application, a helically wound spring may be received on the inside of the hollow 
tube and either be adhesively fastened therein or integrally molded therein. Next, 
the tubing is cut to the desired length, and then the non-circular portion is formed 
by positioning the length of the tube between two opposed platens and then 
compressing the two platens a sufficient distance to obtain the desired non-circular 
or oval-shaped configuration. Once the spring has been plastically deformed, it will 
retain the pliable cannula body in the oval or noncircular configuration. Finally, 
the luer connector and flow aperture member are mounted to the proximal and distal 
ends thereof. The cannula 14 can be compressed to create the non-circular 
configuration prior to or subsequent to mounting of the elements on the proximal 
and distal ends thereof. In the event that two different non-circular portions are 
formed along the length of the cannula, then the step of compressing the cannula 
body between two opposed platens is repeated, as necessary, for the additional non- 
circular sections. 

With the rapid evolution of surgical procedures which minimize the 
size of the access aperture cut into the patient, the known, conventional, surgical 
tools such as cannulas, vents, sumps, or suction tubes must be adapted to 
accommodate such advances. The non-circular cannula according to the invention 
is one such modification which assists the surgeons in achieving the goal of 
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minimizing the wound size for a variety of surgical procedures. This advantage is 
accomplished without adversely affecting the fluid flow rate through the tubing or 
otherwise adversely affecting the performance of the tubing. 

Reasonable variation and modification are possible within the spirit 
of the foregoing specification and drawings without departing from the scope of the 
invention. 
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CLAIMS 

The embodiments for which an exclusive property or privilege is 
claimed are defined as follows: 

1. An improved cannula for use in conducting fluid to or from a 
body, the cannula comprising a cannula body having a proximal end, a distal end, a 
lumen extending between the proximal and distal ends, a fluid outlet formed on the 
proximal end and at least one fluid inlet formed adjacent the distal end, the 
improvement comprising: 

a cannula body wherein the cross section of a first portion of 
the cannula body is non-circular and has a major cross-sectional axis and a minor 
cross-sectional axis, the length of the major axis being greater than the length of the 
minor axis. 

15 2. An improved cannula according to claim 1 wherein said first 

portion of the cannula is oval in cross section. 

3. An improved cannula according to claim 1 and further 
comprising a second portion of the cannula body which is non-circular, said second 
20 portion having a major cross-sectional axis and a minor cross-sectional axis, the 

length of the major axis being greater than the length of the minor axis, the major 
and minor axes of the first and second portions, respectively, being nonparallel. 



5 



10 



25 



4. An improved cannula according to claim 3 wherein the major 
axis of the first portion is parallel to the minor axis of the second portion and the 
minor axis of the first portion is parallel to the major axis of the second portion. 
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5. An improved cannula according to claim 4 wherein the first 
and second portions are oval in cross section. 

6. An improved cannula according to claim 1 and further comprising 
an obturator telescopically received in the lumen of the cannula wherein the 
obturator effectively seals at least a portion of the at least one fluid inlet when the 
obturator is fully received in the cannula lumen. 

7. An improved cannula according to claim 6 wherein the 
obturator further comprises a proximal end, a distal end, and a radially expandable 
member mounted on the distal end, the expandable member being selectively 
expandable between a retracted state and an expanded state and when the obturator 
is fully received in the cannula lumen in the expanded state, the expandable member 
effectively seals at least a portion of the at least one fluid inlet. 

8. An improved cannula according to claim 6 wherein the 
obturator further comprises a proximal end, a distal end, and a foam member 
mounted on the distal end, the foam member being sufficiently pliable so that the 
foam member can be telescopically received in the cannula lumen and effectively 
seal at least a portion of the at least one fluid inlet when the foam member is 
positioned adjacent thereto. 

9. An improved cannula according to claim 8 wherein the 
diameter of the foam member in an unconstrained state is larger than an internal 
diameter of the cannula adjacent the at least one fluid inlet. 

10. An improved cannula according to claim 1 wherein the at 
least one fluid inlet comprises a first fluid inlet formed immediately adjacent the 
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distal end and a second fluid inlet formed proximally a spaced distance from the 
first inlet. 

11. An improved cannula according to claim 10 and further 
comprising an obturator telescopically received in the lumen of the cannula, the 
obturator being adapted to effectively, fluidly seal the second fluid inlet when the 
obturator is fully received in the lumen. 

12. An improved cannula according to claim 10 and further 
comprising a luer connector mounted on the proximal end of the cannula, the luer 
connector being fluidly connected to the cannula lumen. 

13. A method of positioning a fluid conducting cannula in a body 
comprising the steps of: 

providing a cannula having a cannula body with a proximal 
end, a distal end, a lumen extending between the proximal and distal ends, a fluid 
outlet formed on the proximal end, and at least one fluid inlet formed adjacent the 
distal end, the cross section of a first portion of the cannula body being noncircular 
and having a major cross-sectional axis and a minor cross-sectional axis, the length 
of the major axis being greater than the length of the minor axis; 

providing a percutaneous aperture in a body; 

inserting the distal end of the cannula into the body through 
the percutaneous aperture; 

positioning the cannula so that the non-circular first portion of 
the cannula extends through the percutaneous aperture. 

14. A method according to claim 13 and further comprising the 

steps of: 
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providing a second, non-circular portion of the cannula body, 
the second portion having a major cross-sectional axis and a minor cross-sectional 
axis, the length of the major axis being greater than the length of the minor axis, the 
major and minor axes of the first and second portions, respectively, being 
5 nonparallel; and 

positioning the second non-circular portion of the cannula 
body outside the body. 

15. A method according to claim 13 and further comprising the 

10 steps of: 

providing a second, non-circular portion of the cannula body, 
the second portion having a major cross-sectional axis and a minor cross-sectional 
axis, the length of the major axis being greater than the length of the minor axis, the 
major and minor axes of the first and second portions, respectively, being 
15 nonparallel; and 

positioning the second non-circular portion of the cannula 

body inside the body. 

16. A method according to claim 13 and further comprising the 

20 steps of: 

providing an obturator which is selectively, telescopically 
received inside the cannula lumen; 

inserting the obturator in the cannula lumen prior to inserting 
the cannula through the percutaneous aperture; and 
25 removing the obturator after the cannula has been inserted 

into the percutaneous aperture. 
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